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cd?AdabdBBaTbbAaVT]TbPbETcX]AQ[PbcA?P E5N(	(
OAaAeTaTgBaTbbXA]AUA]RAVT]TbPbR
#L6 N(((O BaAeAZT P ?P[XV]P]c BWT]AchBT 4 bTRA]S WP[[?PaZ Xb cWPc RT[[b PaT RPBPQ[T AU
d][X?XcTSaTB[XRPcXA]b X] UPRc cWThSA]Acd]STaVAbT]TbRT]RTPUcTaP [X?XcTS]d?QTaAUSXeXbXA]b
N(OQdccWThRA]cX]dTcAaTB[XRPcTP]SQTRA?TX??AacP[N(,O4]AcWTaPbBTRcAUbdRWRT[[bXbcWPc
cWThPaT aTbXbcP]c cAPBABcAbXb cWThSA]Ac aTbBA]SP]h?AaT cAbcX?d[X cWPc X]SdRTBaAVaP??TS
RT[[STPcWGWT?AbcRA??A]?dcPcXA]cWPc[TPSbcAPBABcAbXbaTbXbcP]RTXbX]cWTB)VT]TfWXRW
Xb P[bA RP[[TS cWT VT]A?T VdPaSXP] P]S Xb UAd]S ?dcPcTS X] 3	 AU RP]RTab N(-O 5dc P[bA
AeTaTgBaTbbXA]AUbdaeXeP[VT]TbXbaTbBA]bXQ[TUAabX?X[PaTUUTRcbN(.)
O4]AcWTaPbBTRccAcPZT
X]cA RA]bXSTaPcXA] Xb cWPc cd?Adab X] AaSTa cA bdaeXeT ]TTS ]dcaXT]cb P]S AghVT] cWTaTUAaT ]Tf
eTbbT[bPaTaTCdXaTScWaAdVWPBaARTbbRP[[TS]TAP]VXAVT]TbXbN)()OGWXbBaARTbbXbSaXeT]Qh
IPbRd[Pa 8]SAcWT[XP[ :aAfcW 9PRcAa  I8:9 fWXRW Xb bTRaTcTS Qh cd?Ada P]S bcaA?P RT[[b <c
BaA?AcTb]TfeTbbT[UAa?PcXA]P]SP[cTaPcXA]AUBaTTgXbcX]VA]TbN)),O9X]P[[hcXbbdTX]ePbXA]
P]S?TcPbcPbXb UAa?PcXA]PaTcWT?AbcSP]VTaAdbPRCdXaTSRPBPQX[XcXTbAUP cd?AdaP]ScWThPaT
aTbBA]bXQ[T UAa /	AU STPcW N)-O X]STTSbA?TRT[[b UaA? cWTBaX?Pah cd?Ada RP] X]ePSTAcWTa
cXbbdTbP]SUAa??TcPbcPbXb
GA cWTbT WP[[?PaZb cWT bP?T PdcWAab PSSTS UdacWTa BaABTacXTb bdRW Pb RWP]VTb X]?TcPQA[Xb?
P]S aTbXbcP]RT cA X??d]T bhbcT? PSSX]V VT]A?T X]bcPQX[Xch P]S BaA?AcXA] AU X]U[P??PcXA] Pb
T]PQ[X]VRA]SXcXA]bPccWTQPbXbUAaP[[WP[[?PaZbN).O 9XV)<]STTSXcWPbQTT]bWAf]cWPcRP]RTa
RT[[b RP] aTBaAVaP? cWTXa T]TaVh ?TcPQA[Xb? P]S TeT] X] BaTbT]RT AU AghVT] cWTh RP] bPeT
T]TaVhP]SSAV[hRA[hbXbN)/
O
GWTbTRA]ST?TaVX]VWP[[?PaZfPbaTRAV]XiTSSdTcAcWTUPRccWPcX??d]ARA?BaA?XbTSBPcXT]cb
PaT?AaT [XZT[h cASTeT[AB cd?Adab N(OP]S cWXbWPbP[bAQTT]eTaXUXTS X]?XRTBaAeX]V cWPc cWT
X??d]TbhbcT?B[PhbPaA[TPVPX]bcRP]RTaN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>]Af[TSVT PQAdc cd?Ada RT[[ QTWPeXAda RPBPQX[XcXTb P]S d]STa[hX]V ?dcPcXA]b AUUTab ?P]h
SXUUTaT]cABcXA]bUAaSTeT[ABX]VPbBTRXUXRcPaVTcTScWTaPBh
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)(CPTSXPcaXRcd?Adab!
CPTSXPcaXRcd?AdabRA]bcXcdcTA][h(AUP[[RP]RTab! NOP]SWPeTP]X]RXST]RTAU
-o			RPbTb
BTahTPafXcWP?AacP[XchaPcTAU/,o			#AbcAURWX[SWAASRP]RTabPaXbTbBAaPSXRP[[hP]SBaTbT]c
bA?PcXR?dcPcXA]bX]cd?AdabdBBaTbbAabAaBaAcAA]RAVT]Tb1X]bA?TRPbTbcd?AdabPaTP[bAcWT
aTbd[cAUPRWaA?AbA?P[caP]b[ARPcXA]GWThPUUTRcZXSbP]ShAd]VPSA[TbRT]RTfXcWP]PVTAU
/
P]S [AfTa P]S aTBaTbT]c cWT bTRA]S [TPSX]V RPdbT AU STPcW X] cWXb BABd[PcXA]! N, -O
ATeTacWT[Tbb cWP]Zb cA?A[TRd[Pa VT]TcXRb AeTa cWT BPbc )	 hTPab BPcXT]cb WPeT P] X]RaTPbTS
BaAV]AbXbfXcWP]AeTaP[[bdaeXeP[AU.	 9XV47TbBXcTcWXbhTPabdaeXeP[aPcTBPcXT]cb]TTS
cA QT ?A]XcAaTS aTVd[Pa[h X] AaSTa cA aTRAV]XiT P]h bTRA]S ?P[XV]P]RXTb RWaA]XR SXbTPbTb Aa
Ud]RcXA]P[X?BPXa?T]cbTPa[hN.OBeTacWThTPabcWTX]RXST]RTaPcTAUbA?Tcd?AdabRA?BPaTScA
AcWTabWPb X]RaTPbTS  9XV5P]S cWXb?XVWcRAaaT[PcTfXcW cWT UPRc cWPcT]eXaA]?T]cP[RWP]VTb
WPeTARRdaaTSAacWPccASPhXcXbTPbXTacASXPV]AbTbdRWZX]SAUcd?AdabPcP]TPa[hbcPVT
4RRAaSX]VcABPcXT]cobPVTcWTUaTCdT]RhAUcd?AdabSXUUTab<]BPcXT]cbfXcWP]PVTQTcfTT]	P]S

 hTPab cWT ?Abc UaTCdT]c RWX[SWAAS cd?Ada Xb 4RdcT "h?BWARhcXR "TdZPT?XP  4"" fXcW P]
X]RXST]RTAU)	UA[[AfTSQhQaPX]cd?Adab 9XV6fWTaTPbX]PSA[TbRT]RTBPcXT]cbcWT?Abc
UaTCdT]cchBTAURP]RTaXb"h?BWA?PN/O
4]AcWTaUPRcAacWPcbTT?bcAX]U[dT]RTcd?AdaSXbcaXQdcXA]XbcWTVT]STaQTRPdbT?P[TbPaTb[XVWc[h
?AaTPUUTRcTS9X]P[[hcWTVTAVaPBWXRPaTPAUcWTBPcXT]c?XVWcQTX?BAacP]cbX]RTWXVWX]RXST]RTAU
RP]RTabXbaTVXbcTaTSX]STeT[ABX]VRAd]caXTbN	)O
CPcXT]cb PUUTRcTS Qh BPTSXPcaXR cd?Adab PaT SXPV]AbTS fXcW P RTacPX] ST[Ph QTRPdbT cWT X]XcXP[
bh?BcA?bPaTeTahbX?X[PacAcWTA]TbAUP]hAcWTaRA??A]SXbTPbTbNOGWThBaTbT]cUTeTaAa
X[[]Tbb[AbbAUT]TaVh[ARP[XiTSBPX][AbbAUfTXVWcWTPSPRWTBP[TbZX]fTPZ]TbbP]S]PdbTP
GaTPc?T]cAUcWTbTcd?AdabSATb]AcSXUUTaUaA?PSd[cobA]TbX]STTSRWT?AcWTaPBhaPSXAcWTaPBh
P]SbdaVTahPaTP[bAdbTSX]BPTSXPcaXRRP]RTacaTPc?T]cbP[A]TAaX]RA?QX]PcXA]7TbBXcTcWTUPRc
cWPc bdaeXeP[ aPcTb PaT X]RaTPbX]V cWTaT PaT bcX[[ ?P]h bXST TUUTRcb SdT cA bcP]SPaS caTPc?T]cb
cWTaTUAaTcPaVTcTScWTaPBhRAd[SQTPbA[dcXA]
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))GPaVTcTSRP]RTacWTaPBh
GPaVTcTS cWTaPBh Xb P bBTRXUXR UAa? AU caTPc?T]c cWPc cPaVTcb bBTRXUXRP[[h RP]RTa RT[[b QPbTS A]
?A[TRd[PaSXUUTaT]RTbRA?BPaTScA]Aa?P[RT[[bAAa?P[RWT?AcWTaPBTdcXRbWPeTPRhcAcAgXRTUUTRc
A]RT[[bfWTaTPbcWTcPaVTcTScWTaPBhWPb?AaTPRhcAbcPcXRTUUTRcbAcWPcRT[[bRP]]AcBaA[XUTaPcT
P]h?AaT
6P]RTaRT[[bRP]TXcWTaAeTaTgBaTbbbBTRXUXR?PaZTabcWPcRP]QTSXaTRc[hcPaVTcTSQhcWTdbTAUP
bBTRXUXR P]cXQASh Aa fWT] cWTaT PaT Ud]RcXA]P[ SXUUTaT]RTb UaA? ]Aa?P[ RT[[b cWT cWTaPBh RP]
cPaVTc cWAbTdBA]fWXRW RT[[b PaTSTBT]ST]c A] NO <]GPQ[T
 cWT?AbcfT[[ Z]Af]PBBaAeTS
cPaVTcTS RA?BAd]Sb PaT bWAf] P]S SXeXSTS PRRAaSX]V cA cWT SXUUTaT]c chBT AU cPaVTcX]V
STBT]ST]RXTb0VT]TcXR[X]TPVTWAbcP]Sbh]TaVh ]AcbWAf]
4VT]TcXRSTBT]ST]RT [X]ZbPVT]TcXRP[cTaPcXA] cA cd?Ada UAa?PcXA]P]S cWT UXabcRPbTWPbQTT]
STbRaXQTSX]cWT,	bofWT]PRWaA?AbA?P[caP]b[ARPcXA]fPbUAd]ScAQTaTbBA]bXQ[TUAaRWaA]XR
?hT[AXS [TdZPT?XP  6#" GWT ]Tf RWaA?AbA?T ]P?TSCWX[PST[BWXP RWaA?AbA?T BaTbT]cb P
UdbXA]VT]T56E45"fWTaTcWT4QT[bA]#daX]T[TdZPT?XPeXaP[A]RAVT]T 45"T]RASX]VUAaP
BaAcTX] ZX]PbT Xb d]STa cWT aTVd[PcXA] AU 5aTPZBAX]c R[dbcTa aTVXA]  56E GPaVTcX]V bBTRXUXRP[[h
cWXb?dcPcXA]QhQ[ARZX]V cWT45"ZX]PbTPRcXeXchfXcWP chaAbX]TZX]PbT X]WXQXcAa:[TTeTR [TS cA
.	 aTbBA]bT aPcT N,O 9A[[AfX]V cWT bP?T BPcW ;TaRTBcX] P] P]cXQASh Q[ARZX]V 8BXSTa?P[
:aAfcW9PRcAaETRTBcAa( 8E55(UAd]SP?B[XUXTSX](	AUQaTPbcRP]RTabfPbSTeT[ABTSUAa
caTPc?T]cN-O
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GWT bh]TaVh STBT]ST]RT Xb QPbTS A] cWT UPRc cWPc cfA ?dcPcXA]b RP] QT bh]cWTcXR [TcWP[ X] P
cd?Ada RT[[ P]S ]Ac X] P ]Aa?P[ A]T 4 R[TPa TgP?B[T Xb cWT RPbT AU QaTPbc RP]RTa fWT] X]
BaTbT]RTAUP?dcPcXA]X]5E64
caTPc?T]cfXcWCA[h 47CaXQAbTCA[h?TaPbT C4ECX]WXQXcAab
aTbd[cbX]RP]RTaRT[[STPcWN.OGWTcaTPc?T]c?X?XRbP[AbbAUUd]RcXA]?dcPcXA]X]C4ECP]ScWXb
bTRA]S?dcPcXA]X]RA?QX]PcXA]fXcWcWTUXabcA]T[TPScAPBABcAbXb
"X]TPVTSTBT]ST]RTaTUTab X]bcTPScAcWTUPRc cWPcRP]RTaRT[[bP]S]Aa?P[RT[[b UaA?fWXRWcWT
cd?AdaSTaXeTbPaTQAcWSTBT]ST]cA] cWTbP?TBPcWfPhbP]S cWXb Xb cWTRPbT UAabA?TQaTPbc
RP]RTabN/OP]SBaAbcPcTRP]RTaN,	O
<]RPbTAUWAbcSTBT]ST]RT cWT cPaVTc Xb cWT?XRaAT]eXaA]?T]cAUP cd?Ada9AaTgP?B[TbA?T
cd?Adab[XZTRA[AaTRcP[RP]RTaPaTSTBT]ST]cA]]TAePbRd[PcdaTP]SQ[ARZX]VI8:9fXcWTXcWTaP
bBTRXUXR P]cXQASh ]P?TS 4ePbcX] Aa b?P[[ ?A[TRd[T X]WXQXcAab cPaVTcX]V I8:9 aTRTBcAa PRcXeXch
aTbd[cb X] bA?T TUUXRPRh X] caTPc?T]c! N,
O GPaVTcTS cWTaPBh Xb dbTS X] ?P]h RP]RTa caTPc?T]cb
]AfPSPhbP]SZ]AfX]VBAbbXQ[TcPaVTcbUAaTPRWcd?AdaABT]bP]TfePaXTchAUBAbbXQX[XcXTbUAaP
QTccTacaTPc?T]cP]SUAa[X?XcX]VbXSTTUUTRcb
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8fX]VbPaRA?P
8fX]VbPaRA?P 8F XbPaPaTBPTSXPcaXRQA]TP]SbAUc cXbbdTcd?AdacWPcPUUTRcbZXSbP]ShAd]V
PSd[cb?Abc[h?P[Tb 
%
fXcWPBTPZPccWTPVTAU
 9XV4GWTX]RXST]RTXbeTah[Af)
BTAB[TBTa?X[[XA]TeTahhTPaPaTSXPV]AbTSfXcW8FN,(,O5TbXSTbcWXb[AfaPcTXcaTBaTbT]cbcWT
bTRA]S?AbcRA??A]QA]Tcd?AdaX]ZXSbbTRA]SA][hcAAbcTAbPaRA?PP]SPRRAd]cbUAa)AU
P[[BPTSXPcaXR?P[XV]P]RXTbN,,OGWT?PYAaXchAUBPcXT]cbPaTfWXcT6PdRPbXP]bfWTaTPbX]4UaXRP]b
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5AcW AbbTAdb P]S TgcaPAbbTAdb 8fX]V bPaRA?P cAVTcWTa fXcW BTaXBWTaP[ BaX?XcXeT
]TdaATRcASTa?P[ cd?Adab  CA8G P]S 4bZX] cd?Ada PaT BPac AU cWT 8fX]Vob bPaRA?P UP?X[h AU
cd?Adab  8F9GfWXRW Xb RWPaPRcTaXiTS WXbcA[AVXRP[[h  Qh d]SXUUTaT]cXPcTS b?P[[ aAd]S Q[dT RT[[b
 9XV5WXVW]dR[Tdb%RhcAbA[aPcXAWXVW?XcAcXRaPcTb?P[[bX]V[T]dR[TA[XbcPX]TSBAbXcXeTUAaRT[[
?T?QaP]TV[hRABaAcTX]67// #<6( N-
OB] cWT?A[TRd[Pa [TeT[ cWThPaTRWPaPRcTaXiTSQh cWT
BaTbT]RTAUPQP[P]RTScaP]b[ARPcXA]QTcfTT]?T?QTabAUcWTG8GUP?X[hAUEA4QX]SX]VBaAcTX]b
P]S 8GfT]chFXg Aa TaXcWaAQ[PbcAbXbeXadbPbbARXPcTS caP]bUAa?X]V bTCdT]RTb  8GF UP?X[h AU
caP]bRaXBcXA] UPRcAab N-
 -(O GWXb caP]b[ARPcXA] VXeTb aXbT cA P] A]RAVT]XR UdbXA] BaAcTX] cWPc Xb
cWAdVWccASaXeTcWTcd?AaXVT]TbXb
8fX]V bPaRA?P BaTeXAdb[h Z]Af] Pb aAd]S RT[[ bPaRA?P AU QA]T cPZTb Xcb ]P?T UaA?  P?Tb
8fX]V cWT BPcWA[AVXbc cWPc UXabc RWPaPRcTaXiTS Xc X] 
/(
 N-)O ;T STbRaXQTS Xc Pb P SXUUdbT
T]SAcWT[XA?P P]S [PcTa Pb P T]SAcWT[XP[ ?hT[A?P fXcW WXVW aPSXAbT]bXcXeXch N-O 4c cWPc cX?T
STUX]X]VP cd?Ada QPbTSA]?AaBWA[AVhfPbP]AeT[ RA]RTBcfWTaTPb cASPhfT Z]Af cWPc cWT
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ABSTRACT
Ewing sarcoma (ES) is the second most frequent bone cancer in childhood and 
is characterized by the presence of the balanced translocation t(11;22)(q24;q12) in 
more than 85% of cases, generating a dysregulated transcription factor EWS/FLI1. 
This fusion protein is an essential oncogenic component of ES development which is 
necessary for tumor cell maintenance and represents an attractive therapeutic target. 
To search for modulators of EWS/FLI1 activity we screened a library of 153 targeted 
compounds and identified inhibitors of the PI3K pathway to directly modulate EWS/
FLI1 transcription. Surprisingly, treatment of four different ES cell lines with BEZ235 
resulted in down regulation of EWS/FLI1 mRNA and protein by ~50% with subsequent 
modulation of target gene expression. Analysis of the EWS/FLI1 promoter region 
(−2239/+67) using various deletion constructs identified two 14bp minimal elements 
as being important for EWS/FLI1 transcription. We identified SP1 as modulator of 
EWS/FLI1 gene expression and demonstrated direct binding to one of these regions 
in the EWS/FLI1 promoter by EMSA and ChIP experiments. These results provide 
the first insights on the transcriptional regulation of EWS/FLI1, an area that has not 
been investigated so far, and offer an additional molecular explanation for the known 
sensitivity of ES cell lines to PI3K inhibition.
INTRODUCTION
Ewing sarcoma (ES) is the second most frequent 
bone cancer in childhood. Clinically, ES appears as 
very aggressive osteolytic tumor with early tendency for 
development of metastasis [1]. It belongs to the group 
of small-round-blue-cell tumors and is comprised of 
largely undifferentiated cells. The unique feature of this 
tumor is the presence of the balanced t(11;22)(q24;q12) 
translocation in more than 85% of cases [2]. This gene 
rearrangement results in expression of a chimaeric 
fusion protein where the RNA binding domain of EWS 
is exchanged by the DNA binding domain of the ETS 
transcription factor FLI1, thus generating an aberrant 
transcription factor EWS/FLI1 [3–6]. More than 18 less 
represented alternative translocations involving EWS and 
other ETS protein family members have been described 
since [7–12].
Extensive evidence supports the notion that 
EWS/FLI1 is an essential oncogenic component of ES 
development. Its oncogenic activity is thought to be 
mediated through inappropriate regulation of target 
genes that are crucial for the fully malignant phenotype 
[5, 6, 13–17]. So far it is not known which of this target 
gene(s) act as crucial oncogenic driver(s). Hence, the 
prevalent hypothesis states that EWS/FLI1 is the major 
genetic mutation that is necessary for development and 
maintenance [18–24] of the tumor although it might not 
be sufficient. Since EWS/FLI1 expression is restricted 
to tumor cells, it represents an ideal therapeutic target. 
However, it acts as transcription factor, which in most 
cases are considered undruggable because of lack of 
enzymatic activity and their direct pharmacological 
inhibition is still challenging. Indeed, EWS/FLI1 behaves 
as intrinsically disordered protein and so far cannot be 
directly targeted by small molecules in a classical sense.
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